Knowledge about the mode of gene action of economical traits (which directly contribute towards yield and fruit quality) in any crop like tomato (lycopersicon esculentum L.) helps to formulate the genetic basis for breeding. Thus, the aim of the present study was to estimate different types of gene action affecting some characteristics of tomato. For this purpose, five tomato varieties were used. These varieties were: Advantage 2 (P 1 ), Cherry (P 2 ), Fatma (P 3 ), Edkaway (P 4 ) and Castle Rock (P 5 ). The varieties were crossed by using complete diallel crosses mating design, in order to produce 20 hybrids. All genotypes were evaluated during two seasons for some vegetative traits, fruit characteristics and physiological traits. The data were subjected to biometrical analysis and the obtained results revealed that the mean squares of entries were highly significant for the studied traits, leading to the further partitioning of genetic variance into its components. The combined data over the two seasons showed that additive genetic variances were higher than their corresponding values of dominance genetic variances for plant height and number of primary branches per plant. On the other hand, values of dominance genetic variances were higher than their corresponding values of additive genetic variances for leaf area, fruit characters and chemical traits. Furthermore, heritability in broad sense (h 2 b%) was 93.15% for plant height, 85.32% for number of primary branches per plant, 78.68% for leaf area, -92.38% for locules number per fruit, 97.02% for firmness fruit, 68.78% for Pericarp thickness, 71.62% for total soluble solids, 81.58% for ascorbic acid content and 87.13% for lycopene content. However, heritability estimates in narrow sense (h 2 n%) were more less than the corresponding values in all studied traits, indicating that the role of non-additive genetic variance in the genetic expression of these traits are non-negligible. These genetic parameters could be used in carrying out breeding programs suitable for Tomato.
INTRODUCTION
Tomato (Solanum lycopersicum), early was known as (lycopersicon esculentum L.) is one of the most important vegetables in the world including Egypt. Tomato is a rich source of antioxidants (mainly lycopene and β-carotene), vitamin A, vitamin C and minerals like Ca, P and Fe. Vegetative traits such as plant height (P.H), number of primary branches per plant (N.P.B) and leaf area (L.A), fruit characteristics such as locules numbser per fruit (N.L.F), firmness fruit (F.F) and Pericarp thickness (P.T) and physiological traits such as total soluble solids (T.S.S), ascorbic acid content (V.C) and lycopene content (Lyco.) are the most important traits in a breeding program. Understanding the nature of gene action with respect to the relative magnitudes of additive and non-additive genetic variances requires the determination of the different variance components due to general combining ability (GCA) and specific combining ability (SCA). Dod et al. (1992) found that higher magnitude of GCA compared with SCA for locules number per fruit and Pericarp thickness indicating a predominant role for additive gene action. Ashrafuzzaman et al., (2010) and Singh et al., (2011) found that GCA values were large in magnitudes than the corresponding values of SCA for plant height, number of primary branches per plant and leaf area. On the other hand, Kumar et al., (2013) found highly significant variation due to GCA as well as SCA indicating the importance of the additive as well as the non-additive variation for total soluble solids, ascorbic acid content and lycopene content governed by non-additive.
Therefore, these estimates were of great values in establishing the most promising approach. Thus, the present investigation aimed to obtain estimates for the different types of gene action in terms of general combining ability and specific combining ability by evaluating the diallel crosses mating design. Heterosis and maternal effect were also investigated in this study.
MATERIAL AND METHODS
In this investigation five tomato varieties belong to species (Lycopersicon esculentum Mill) were used. These varieties were Advantage 2 (P 1 ), Cherry (P 2 ), Fatma (P 3 ), Edkaway (P 4 ) and Castle Rock (P 5 ). The seeds of these varieties were obtained from the National Gene Bank at the Agriculture Reseearch Center, Giza. Individual plants from each variety were self pollinated for three generations to end up with an inbred line from each variety. This work was carried out during three successive generations at a private farm in Industrial Gamasa region, Dakahlia under the supervision of the Department of Genetics, Faculity of Agriculture, Damietta University.
Self seeds from each variety were planted during the summer season of 2013 at a private farm as mentioned above. At the flowering time, all single crosses including reciprocals were made among these varities according to complete diallel design to produce 10 F 1 hybrids and 10 F 1r reciprocal hybrids. Furthermore, all genotypes were evaluated during the summer season of 2014 and winter season 2015 at a private farm in Industrial Gamasa region, Dakahlia. The genotypes were sown in nursery in seedling trays on first of February 2014 as the summer season and the first of November 2014 as the winter season. The experimental design used was the randomized complete block design with three replications.
Data were recorded on ten guarded and labled randomly chosen plants per plot for all entries in the two growing seasons. Plant height, Number of primary branches per plant, Leaf area, Locules number per fruit, Firmness fruit, Pericarp thickness, Total soluble solids, Ascorbic acid content and Lycopene content were the measured characters.
The obtained data for these traits from each season and the combined data over the two seasons were subjected to biometerical analysis using the procedures described by Griffing Method III (1956) and outlined by Singh and Chaudhary (1985) .
The covariance of relative was translated into appropriate genetic components of variance as outlined by 
RESULTS AND DISCUSSION
The results of the analysis of combining ability for vegetative traits under study with respect to each season and their combined data are shown in Table 1 . The results revealed that the mean squares of GCA, SCA and reciprocal effects were significant for plant height at the first season and combined data and number of primary branches per plant at the second season and combined data which indicate the importance of both additive and non-additive genetic variances and the cytoplasmic factors which play a major role in the genetic expression of these traits. While, leaf area exhibited a highly positive significance for (SCA) variance and reciprocal effects, implying that non-additive genetic variance was important for this trait. Furthermore, these results were emphasized by the ratio of (GCA) to (SCA) variance which was higher than unity for plant height and number of primary branches per plant indicating the predominance of the additive gene action. On the other hand, the interaction of GCA, SCA and reciprocal with seasons were not significant for all vegetative traits, except for leaf area (L.A) in the case of GCA by season interaction. This finding suggested that these parameters are highly stable with different environmental conditions with respect to the studied vegetative traits. The present results are in agreement with those reported by Ashrafuzzaman et al.
(2010) and Singh et al. (2011).
The results of analysis of combining ability for fruit characters are presented in Table 2 . The results revealed that GCA, SCA and reciprocal were highly significant for fruit firmness (F.F), which indicated the importance of both additive and non-additive genetic variance and cytoplasmic factors which play a major role in the genetic expression of these traits. Locules number per fruit (N.L.F) and Pericarp thickness (P.T) exhibited highly positive significance for (SCA) variance, implying that non-additive genetic variance was important for both traits. These results were emphasized by the ratio of (GCA) to (SCA) variance which was higher than unity for firmness fruit indicating the predominance of the additive gene action. On the other hand, the interaction of GCA, SCA and reciprocal with seasons were not significant for locules number per fruit, for fruit firmness indicating that these parameters are stable with different environments. While, the interaction of GCA, SCA and reciprocal with seasons was significant for pericarp thickness. This finding referred to that these parameters were unstable with different environments. In this manner, The analysis of combining ability results for fruit characters are presented in Table 3 . Tests of significance of the mean squares showed significance for (SCA) variance and reciprocal effect for total soluble solids (T.S.S), ascorbic acid content (V.C) and lycopene content (Lyco.) at the first and second seasons, implying that nonadditive genetic variance was important for these traits. On the other hand, the interaction of GCA, SCA and reciprocal with seasons was not significant for all chemical traits, except for ascorbic acid content (V.C). This finding indicates that these parameters are highly stable with different environmental conditions with respect to the studied chemical traits. The results of genetic parameters and heritability estimated for vegetative traits for both seasons and combined data are presented in Table 4 . The results revealed that the magnitude of additive genetic variances (σ 2 A) were larger than their corresponding of non-additive genetic variance including dominance (σ 2 D) for plant height and number of primary branches per plant at the first and second seasons. While, in case of leaf area, the result showed that the magnitude of non-additive genetic variance was larger than their corresponding of additive genetic variance. This finding is emphasized by dominance degree ratio (Dd), which was less than one for plant height and number of primary branches indicating the major role of additive genetic variance in the performance of these two traits and selection program for improvement of these traits is recommended. While, it was more than one in the case of leaf area, indicating the major role of dominance genetic variance in the inheritance of this trait and the hybridization for improving this trait is proper. Therefore, the heritability in broad sense (h 2 b%) was high and close to heritability in narrow sense estimates for plant height and number of primary branches which were 91.63%, 89.74% and 93.15% for plant high and 91.41%, 77.69% and 85.32% for number of primary branches with respect to first season, second season and combined data, respectively. However, heritability estimates in narrow sense (h 2 n%) were 75.73%, 84.89% and 67.2% for plant height and 46.73%, 49.85% and 26.94% for number of primary branches with respect to first season, second season and combined data, respectively. Furthermore, the results also showed that variance due to non-additive by seasons interactions (σ 2 DS) were negative for plant height and number of primary branches. This finding indicated that these genetic parameters are stable with different environmental conditions. Similar results were obtained by
Dodhol et al. (1999) and Salib (1999).
Different genetic parameters and heritability were estimated for some tomato traits which including locules number per fruit (N.L.F), fruit firmness (F.F) and pericarp thickness (P.T) for both seasons and combined data, and the results are presented in Table 5 . The results revealed that the magnitudes of dominance genetic variance (σ 2 D) was larger than their corresponding of additive genetic variance (σ 2 A) for all studied traits for both seasons and combined data except firmness fruit (F.F). These results could be emphasized by dominance degree ratio (Dd), which showed more than one for these traits. Thus, the suitable breeding program for improvement of these traits is production of hybrids. Therefore, heritability in broad sense was larger in magnitudes than their corresponding estimates in narrow sense for all studied traits with respect to the combined data over the two seasons. Genetic parameters and heritability estimated for chemical traits including total soluble solids (T.S.S), ascorbic acid content (V.C) and lycopene content (Lyco.) for both seasons and combined data are presented in Table 6 . The results indicated that the estimates of the non-additive (σ 2 D) were larger than their corresponding of additive genetic variance (σ 2 A) for all studied traits. This was emphasized by dominance degree ratio which was more than one. In addition, the heritability in broad sense was large in magnitudes than their corresponding estimates in narrow sense. . Heritability estimates in broad sense (h 2 b%) were 88.78%, 85.01% and 71.62% for total soluble solids, 61.56%, 54.17% and 81.58 for ascorbic acid content and 83.87%, 85.28% and 87.13% for lycopene content with respect to the first season, second season and combined data, respectively. While, heritability estimates in narrow sense (h 2 n%) were 42.59%, 31.11% and -10.94% for total soluble solids, 32.31%, 2500% and -1.31% for ascorbic acid content and -3.23%, -1.23% and 20.46% for lycopene content with respect to first season, second season and combined data ,respectively. Thus, the suitable breeding program for the improvement of these traits is production of hybrids. Furthermore, the variances due to the interaction between additive gene action and reciprocal effect with seasons were negative in the case of T.S.S and the corresponding magnitudes of non-additive with seasons variance were positive in this trait. This finding indicated that the additive gene action is more stable with different environmental conditions. While, the magnitudes of additive, non-additive and reciprocal with season interaction variance were positive for lycopene content. This indicated that these genetic parameters are unstable with different environmental conditions. Similar results were obtained by Garg et al., (2008), Adalid et al., (2012) and El-Nagashy (2012). CONCLUSION In conclusion, due to the pervious results, which confirmed the role of both additive and non-additive genetic variances in the inheritance of studied traits with different levels, the suggested suitable breeding program for improving these traits is recurrent selection program for vegetative traits and production of hybrids for fruit characters and chemical traits. ** and * significant at 1 and 5% probability levels respectively by F test and random effects of both genotypes and years. ** and * significant at 1 and 5% probability levels respectively by F test and random effects of both genotypes and years. ** and * significant at 1 and 5% probability levels respectively by F test and random effects of both genotypes and years. 
